Abstract Approximately 50 % of
Introduction
Worldwide, approximately 36 million individuals are currently living with human immunodeficiency virus type 1 (HIV-1), including over 1.2 million individuals in the United States (UNAIDS 2015) . Since the advent of combination antiretroviral therapy (cART), the prevalence of the most severe forms of neurocognitive impairment, including HIV-1 associated dementia (HAD), have dramatically decreased (Ances and Ellis 2007) . Antiretrovirals alone, however, are not sufficient to protect the brain as HAND remains as prevalent as before cART, afflicting up to 40 %-70 % of HIV-1 infected individuals (Heaton et al. 2010; Letendre et al. 2010; McArthur et al. 2010) ; which is also true in long-standing aviremic patients (Woods et al. 2009; Winston et al. 2013; Alfahad and Nath 2013) . Asymptomatic neurocognitive impairment (ANI) conveys a 2-6X risk for progression to symptomatic HAND (Grant et al. 2014) . HIV-1 seropositive individuals with HAND commonly display deficits in attention and executive function (Heaton et al. 2010 (Heaton et al. , 2011 . Although executive function deficits in HIV-1 are fairly well characterized, relatively few studies have explored the elemental dimensions of neurocognitive impairment in HIV-1.
Temporal processing deficits, which may underlie the symptoms of higher level cognitive deficits, have been studied through the use of the auditory system using amplitude and latency measures of auditory evoked potentials (AEPs), both before (Castello et al. 1998; Fein et al. 1995; Gil et al. 1992; Koralnik et al. 1990 ) and after the advent of cART (Chao et al. 2004; Matas et al. 2010) . Translational experimental paradigms, including prepulse inhibition (PPI) of the auditory startle response (ASR), have commonly been used to study temporal processing (Hoffman and Searle 1965; Ison and Hammond 1971) . The PPI experimental paradigm introduces a punctate prestimulus (e.g., a light or tone) prior to a startle stimulus; when the time interval, or interstimulus interval (ISI), between the prepulse and startling stimulus is between 30 and 500 msec, ASR is dramatically reduced (Hoffman and Ison 1980) . Utilization of the PPI experimental paradigm provides a functional approach to understand more complex neurological processes (Hoffman and Ison 1980) .
Cross-modal PPI has previously been used to assess temporal processing deficits in the HIV-1 Tg rat (Moran et al. 2013a) . HIV-1 Tg and control animals between 2 and 6 months were tested for PPI of the ASR using both auditory and visual prepulses. Alterations in the development of both auditory and visual PPI, evidenced by an insensitivity to the manipulation of ISI and a lack of perceptual sharpening with age, were observed in HIV-1 Tg animals in comparison to controls (Moran et al. 2013a) . Temporal processing deficits, indexed using auditory PPI, have also been observed in male SpragueDawley rats stereotaxically injected with the HIV-1 viral proteins Tat and gp120, revealing a differential sensitivity to the manipulation of ISI (Fitting et al. 2006a (Fitting et al. , b, 2008 . HIV-1 seropositive individuals meeting criteria for HAND exhibited significant temporal processing deficits, assessed using eyeblink startle response (Minassian et al. 2013) . Thus, although prior research clearly suggests that HIV-1 individuals exhibit basic abnormalities in auditory processing, few studies have focused on the generality and translational aspects of temporal processing. One notable exception is the use of cross-modal PPI in the HIV-1 Tg rat (Moran et al. 2013a, b) ; the present study extends these observations. Gap prepulse inhibition (gap-PPI), based on the modification of PPI, is another translational experimental paradigm commonly utilized to assess temporal processing (Ison et al. 1998; Leitner et al. 1993) . In gap-PPI, the absence of a background (i.e., gap) serves as a punctate prestimulus, in comparison to the presentation of an added stimulus in cross-modal PPI. When the ISI is manipulated in gap-PPI, significant decreases in the startle amplitude are observed when the gap in background noise occurs between 30 and 200 msec prior to the startling stimulus (Ison et al. 1998) . Manipulations in the gap duration, as in gap threshold detection, consistently suggest that as gap duration increases, greater decreases in startle amplitude are observed (Ison et al. 2005; Ison and Bowen 2000) . Additionally, prior research has established an inverse relationship between gap duration and ISI; as ISI increases, shorter gap durations produce significant inhibition (Ison 1982; Ison et al. 1991; Leitner et al. 1993 ).
The present study utilized cross-modal PPI, gap-PPI and gap threshold detection to further our understanding of temporal processing deficits, with a focus on the generality and permanence of these deficits. The HIV-1 Tg rat, which expresses 7 of the 9 HIV-1 genes, was presently tested at a more advanced age, however, prior to any documented signs of neurological or clinical wasting (Royal et al. 2012; Peng et al. 2010) . The potential utility of gap threshold detection as a diagnostic screening tool for HAND was assessed using a discriminant function analysis. Understanding the generality and permanence of temporal processing deficits in the HIV-1 Tg rat is vital to modeling the neurocognitive deficits in HAND and may provide a key target for the development of a diagnostic screening tool.
Methods Animals
A cross-sectional study was conducted using ovariectomized female Fischer (F344/N; Harlan Laboratories Inc., Indianapolis, IN) rats (HIV-1 Tg, n = 21; control, n = 25) between 9 and 10 months of age. One control animal was removed from the study between gap-PPI and gap threshold detection assessments because of an invasive tumor. All animals were pair-or group-housed throughout experimentation. Rodent food (2020X Teklad Global Extruded Rodent Diet (Soy Protein-Free)) and water were available ad libitum throughout the experiment. Animals were maintained according to the National Institutes of Health (NIH) guidelines in AAALAC-accredited facilities. The targeted environmental conditions for the animal facility were 21°± 2°C, 50 % ± 10 % relative humidity, and a 12-h light:12-h dark cycle with lights on at 0700 h (EST). The Institutional Animal Care and Use Committee (IACUC) of the University of South Carolina approved the project under federal assurance (# A3049-01).
Apparatus
The startle platform (SR-Lab Startle Reflex System, San Diego Instruments, Inc., San Diego, CA) was enclosed in an isolation cabinet (10 cm-thick double-walled, 81 × 81 × 116-cm, Industrial Acoustic Company, Inc., Bronx, NY), which provided 30dB(A) of sound attenuation relative to the external environment. The high-frequency loudspeaker of the SR-Lab system (model#40-1278B, Radio Shack, Fort Worth, TX), mounted inside the chamber 30 cm above the Plexiglas animal test cylinder, delivered all auditory stimuli (frequency range of 5 k-16 k Hz). The auditory startle stimulus intensity was 100 dB(A)) measured inside the test cylinder (model#2203, Bruel & Kjaer, Norcross, GA). Visual prepulses were presented using a white LED light (22 lx; Light meter model #840,006, Sper Scientific, Ltd., Scottsdale, AZ) which was mounted on the wall in front of the test cylinder inside the chamber. The animal's ballistic response to the auditory stimulus produced deflection of the test cylinder, which provided an analog signal via a piezoelectric accelerometer integral to the bottom of the cylinder. The response signals were digitized (12 bit A to D) and saved to a hard disk. Response sensitivities were calibrated using a SR-LAB Startle Calibration System.
Procedure

Habituation
Habituation was assessed with a 36-trial auditory startle test session, beginning with a 5-min acclimation period in the dark with 70 dB(A) background white noise. Thirty-six trials of a 100 dB(A) white noise stimulus (20 msec duration) were presented with a fixed intertrial interval (ITI) of 10 s.
Cross-Modal Prepulse Inhibition Test
Cross-modal prepulse inhibition was conducted similar to our prior publication (Moran et al. 2013a ). In brief, both visual and auditory prepulse stimuli were used to test animals for PPI of the ASR. PPI was administered using a 30-min test session, beginning with a 5-min acclimation period in the dark with 70 dB(A) background white noise, followed by 6 pulse-only ASR trials with a fixed 10-s ITI. A total of 72 trials, including an equal number of visual and auditory prepulse trials, were interdigitated in an ABBA counterbalanced order of presentation. Trials employed interstimulus intervals (ISIs) of 0, 30, 50, 100, 200, and 4000 msec and were presented in 6-trial blocks, according to a Latin-square design. The 0 and 4000 msec ISI trials served as control trials. The ITI was variable from 15 to 25 s. Mean peak ASR amplitude values were collected for analysis.
Auditory Gap-Prepulse Inhibition Test
Animals were tested for gap-PPI of the ASR with a preceding gap in background white-noise as the prepulse stimulus. A 20-min test session began with a 5-min acclimation period in the dark with 70 dB(A) background white noise, followed by 6 pulse-only ASR trials, used for habituation, with a fixed 10-s ITI. Thirty-six trials were presented using 6-trial blocks using a Latin Square design. The ITI was variable from 15 to 25 s. Animals were tested with a 20-msec gap in white noise preceding a startle stimulus presented at ISIs of 0, 30, 50, 100, 200, and 4000 msec. Two control trials, the 0 and 4000 msec ISI trials, were included to provide a reference ASR within gap-PPI. Mean peak ASR amplitude values were collected for analysis.
Auditory Gap Threshold Detection
Animals were tested for auditory gap threshold detection by manipulating the duration of a preceding gap in background white-noise. A 20-min test session, began with a 5-min acclimation period in the dark with 70 dB(A) background white noise, followed by 6 pulse-only ASR trials with a fixed 10-s ITI. A total of 36 gap prepulse trials were presented with a 50-msec ISI. The ITI was variable from 15 to 25 s. Trials had a gap duration of 5, 10, 20, 30, 40, and 50 msec and were presented according to a Latin Square design. Mean peak ASR amplitude values were collected for analysis.
Statistical Analyses
All data were analyzed with analysis of variance (ANOVA) statistical techniques (SPSS Statistics 23, IBM Corp., Somers, NY). More specifically, a mixed-factor ANOVA was used with genotype (HIV-1 Tg vs. control) as a between-subjects factor, while ISI, gap duration, and trials served as the within-subjects factors, as appropriate. For the repeated-measures factors, either orthogonal decompositions were used for those variables that classically violate compound symmetry assumptions (e.g., trials) or the Greenhouse-Geisser df correction factor was used (Greenhouse and Geisser 1959) . Tests of simple main effects and specific linear contrasts were also used to evaluate agedependent and trial-dependent effects of the HIV-1 transgene (Winer 1971) . For gap threshold detection, data were log transformed in accordance with Steven's Power Law, which relates stimulus intensity (duration) to sensation magnitude and generalizes to all sense modalities (Stevens 1970) . Regression analyses and graphs utilized GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA). A discriminant function analysis (DFA) was conducted to determine the potential diagnostic utility of gap threshold detection. Variables for the DFA were selected on the basis of the percentage of total variance explained. Two variables were entered into the equation, including gap threshold detection at 5 msec and the rate of change in threshold sensitivity (slope). The alpha level was set at a p ≤ 0.05.
Results
HIV-1 Tg Animals and Control Animals Exhibit Significant ASR Intrasession Habituation
Both control and HIV-1 Tg animals exhibited a linear decrease in mean peak ASR amplitude during habituation. There was no significant difference between groups (HIV-1 Tg: β = −2.47 ± 2.50 (95 % CI); Control: β = −4.06 ± 4.05 (95 % CI)) in rate at which mean peak ASR amplitudes decreased [F(1,68) = 1.7, p ≤ 0.20]. Thus, both HIV-1 Tg and control animals displayed significant ASR intrasession habituation.
HIV-1 Tg Animals Exhibit a Relative Insensitivity to ISI in both Auditory and Visual PPI
In auditory PPI, HIV-1 Tg rats displayed a differential sensitivity to the manipulation of ISI, indexed by a rightward shift in peak inhibition (Fig. 1a) . Control animals exhibited peak inhibition at 30 msec, while HIV-1 Tg animals exhibited maximal peak inhibition at 100 msec. The overall ANOVA conducted on mean peak ASR amplitude during auditory PPI confirmed these observations, revealing a significant genotype x ISI interaction [F(5,220 In visual PPI, HIV-1 Tg animals exhibited a relative insensitivity to the manipulation of ISI in comparison to control animals (Fig. 1b) . Both HIV-1 Tg and control animals displayed peak inhibition at the 50 msec ISI. However, HIV-1 Tg animals exhibited a significantly flatter ISI function. The overall ANOVA conducted on mean peak ASR amplitude during visual PPI confirmed these observations, revealing a significant genotype x ISI interaction [F(5,220) Thus, regardless of modality, HIV-1 Tg animals exhibited a significant insensitivity to the manipulation of ISI, suggesting a general and permanent deficit in temporal processing.
HIV-1 Tg Animals Exhibit a Differential Sensitivity to ISI during Gap-PPI
HIV-1 Tg rats displayed a rightward shift in peak inhibition during gap-PPI, indicative of a differential sensitivity to the Fig. 1 Mean peak ASR startle response is presented as a function of genotype (HIV-1 Tg vs. Control; ± SEM or ±95 % CI). a In auditory PPI, control animals exhibited maximum peak inhibition at 30 msec, however, HIV-1 Tg animals exhibited a rightward shift to maximum peak inhibition at 100 msec, indicating a differential sensitivity to the manipulation of ISI. b In visual PPI, HIV-1 Tg animals exhibited a significantly flatter ISI function, indicating a relative insensitivity to the manipulation of ISI. c In gap-PPI, control animals exhibited peak inhibition at 50 msec, however HIV-1 Tg animals exhibited a rightward shift to maximum peak inhibition at 100 msec, providing additional evidence for a differential sensitivity to the manipulation of ISI. d Auditory gap threshold detection revealed a significant difference between groups in rate at which mean peak ASR amplitude decreased. Mean peak ASR amplitude (±95% CI) decreased significantly more slowly for HIV-1 Tg animals (β = −2.51 ± 0.40) in comparison to control animals (β = −4.46 ± 0.65) manipulation of ISI, illustrated in Fig. 1c . Control animals displayed peak inhibition at 50 msec, while HIV-1 Tg animals exhibited peak inhibition at 100 msec. The overall ANOVA conducted on mean peak ASR amplitude during gap-PPI confirmed these observations, revealing a significant ISI x genotype interaction, [F(5,220 .630] were also observed. Thus, the rightward shift in peak inhibition, observed in HIV-1 Tg rats, provided additional evidence for temporal processing deficits.
HIV-1 Tg Rats Display a Relative Insensitivity to Gap Duration in Auditory Gap Threshold Detection
A relative insensitivity to the manipulation of gap duration was observed in HIV-1 Tg rats (Fig. 1d) . As gap duration increased, both control and HIV-1 Tg animals exhibited a linear decrease in mean peak ASR amplitude. However, there was a significant difference between groups in rate at which mean peak ASR amplitudes decreased [F(1,8) = 6.1, p ≤ 0.04]. The mean peak ASR amplitude (±95% CI) decreased significantly more slowly for HIV-1 Tg animals (β = −2.51 ± 0.40) in comparison to control animals (β = −4.46 ± 0.65), suggesting a relative insensitivity to manipulation of gap duration. The overall ANOVA conducted on mean peak ASR amplitude during gap detection confirmed these observations, revealing a significant duration 
Auditory Gap Threshold Detection can accurately Diagnose the Presence of the HIV-1 Transgene
The potential utility of gap threshold detection as a diagnostic tool for HAND was analyzed using a discriminant function analysis. A discriminant score, comprised of a weighted linear sum of the log mean peak ASR amplitude for gap threshold detection at 5 msec, the shortest empirically evaluated duration, as well as the slope, the rate of change in threshold sensitivity, maximally separated the HIV-1 Tg and control animals (canonical correlation of 0.84), as illustrated in Fig. 2 . Animals were classified with 91.1 % accuracy (F approximation of Wilks' λ of 0.290, χ 2 (2, N = 45) = 52.0, p ≤ 0.001) suggesting the potential clinical utility of gap threshold detection.
Discussion
HIV-1 Tg animals exhibited significant temporal processing deficits, assessed using multiple translational experimental paradigms, including cross-modal PPI, gap-PPI, and gap threshold detection. HIV-1 Tg animals displayed an insensitivity to the manipulation of ISI in cross-modal PPI, extending temporal processing deficits previously observed in the HIV-1 Tg rat to a more advanced age (Moran et al. 2013a, b) , suggesting the permanence of temporal processing deficits. The generality of temporal processing deficits in the HIV-1 Tg rat was examined using the gap-PPI and auditory gap threshold duration experimental paradigms. In gap-PPI, HIV-1 Tg animals exhibited a differential sensitivity to the manipulation of ISI, evidenced by a shift in the point of maximal inhibition. More profoundly, in auditory gap threshold detection, HIV-1 Tg animals, in comparison to F344/N controls, exhibited a relative insensitivity to manipulation of gap duration. The presence of the HIV-1 transgene was diagnosed with 91.1 % accuracy using gap threshold detection measures. Temporal processing deficits, characteristic of individuals with HAND, can be modeled using the HIV-1 Tg rat, providing a key target for the development of a diagnostic screening tool for HAND.
Cross-modal PPI revealed an insensitivity to the manipulation of ISI in HIV-1 Tg rats in comparison to control animals. In auditory PPI, HIV-1 Tg animals exhibited a differential sensitivity to the manipulation of ISI, evidenced by a shift in the point of maximal inhibition. Control animals exhibited peak inhibition at 30 msec, while HIV-1 Tg animals exhibited a rightward shift to maximal peak inhibition at 100 msec. Fig. 2 A discriminant function analysis was conducted to determine the potential utility of gap threshold detection as a diagnostic screening tool for HAND. Two variables were chosen (log mean peak ASR amplitude for gap threshold detection at 5 msec and the rate of change in threshold sensitivity) which represented the simplest linear function that best separated the HIV-1 Tg and control groups (canonical correlation 0.84) and correctly identified (jackknife classification) group membership with 91.1 % accuracy (95.8 % of controls, and 85.7 % of HIV-1 Tg animals)
Temporal processing deficits in auditory PPI extend those previously observed in Sprague-Dawley rats stereotaxically injected with the HIV-1 viral proteins Tat and gp120 (Fitting et al. 2006a (Fitting et al. , b, 2008 . In visual PPI, HIV-1 Tg animals exhibited a relative insensitivity to the manipulation of ISI, indicated by a significantly flatter ISI function. Alterations in crossmodal PPI extend those previously reported in the HIV-1 Tg rat (Moran et al. 2013a ) to a more advanced age, suggesting the permanence of temporal processing deficits.
Gap-PPI and gap threshold detection, translational experimental paradigms, were used to extend our knowledge and assess the generality of temporal processing deficits in the HIV-1 Tg rat. Gap-PPI revealed a differential sensitivity to the manipulation of ISI in HIV-1 Tg animals compared to controls, evidenced by a rightward shift in maximum peak inhibition. Control animals exhibited maximal inhibition at the 50 msec ISI, while HIV-1 Tg animals exhibited maximal inhibition at the 100 msec ISI. Auditory gap threshold detection revealed a relative insensitivity to the manipulation of gap duration in HIV-1 Tg animals compared to control animals. As gap duration increased, both HIV-1 Tg and control animals exhibited a linear decrease in mean peak ASR amplitude. However, HIV-1 Tg animals exhibited a significantly slower rate of linear decline as duration increased in comparison to controls. Auditory gap threshold detection results of the present study resemble alterations in olfactory threshold scores previously reported in HIV-1 seropositive adults with neurocognitive impairment (Razani et al. 1996) . To our knowledge, the present study is the first to employ gap-PPI and gap threshold detection in the HIV-1 Tg rat, indicating the generality of temporal processing deficits.
Temporal processing deficits may provide a key target for the development of a diagnostic screening tool. Presence of the HIV-1 transgene was diagnosed with 91.1 % accuracy using two auditory gap threshold detection measurements, suggesting the potential utility of auditory gap threshold detection as a potential diagnostic screening tool for HAND. Alterations in temporal processing have previously been implicated as a diagnostic screening tool for tinnitus (Dehmel et al. 2012; Fournier and Hébert 2013; Sun et al. 2014) . Gap-PPI assessments were utilized in preclinical studies in rats with noise over-expression-induced tinnitus (Dehmel et al. 2012) or salicylate-induced tinnitus (Sun et al. 2014) . Subsequent clinical studies employed the gap-PPI experimental paradigm in adults with tinnitus using the eyeblink startle reflex, replicating preclinical studies and proposing a potential neural mechanism for tinnitus (Fournier and Hébert 2013) . Thus, alterations in gap threshold detection, observed in the HIV-1 Tg rat may provide an innovative diagnostic screening tool for HAND.
Temporal processing deficits observed in the HIV-1 Tg rat may result from dopamine (DA) system alterations in the brain neural circuitry mediating PPI, which has been established using lesioning (e.g., Leitner and Cohen 1985) and electrical stimulation studies (e.g., Li and Yeomans 2000) . The serial circuit mediating PPI begins with auditory input relayed to the inferior colliculus. Visual and tactile input, in contrast, are relayed to the superior colliculus (SC). Sensory input, regardless of modality, is then sent from the SC to the pedunculopontine tegmental nucleus (PPTg), triggering a cholinergic projection to the caudal pontine reticular nucleus (PnC; Fendt et al. 2001; Koch and Schnitzler 1997) . Activation of the PnC is relayed to motor neurons causing a startle response. In the serial circuit mediating PPI, the nucleus accumbens receives DA inputs from the ventral tegmental area (VTA), which subsequently triggers the nucleus accumbens, PPTg, and finally PnC, altering the startle response (Koch 1999) .
The role of DA in the serial circuit mediating PPI has been reported in previous behavioral and pharmacological studies, providing evidence for dysfunction in the modulation of PPI by the DA system (review, Zhang et al. 2000) . Administration of apomorphine, a DA agonist, disrupts sensorimotor gating , similar to disruptions seen in schizophrenic patients, which has been measured using event-evoked potentials (Adler et al. 1982 ) and the eyeblink response (Braff et al. 1978) . Schizophrenic patients, in comparison to healthy controls, display an insensitivity to the manipulation of ISI. Administration of apomorphine in Sprague-Dawley rats neonatally injected with gp120 (Fitting et al. 2006b ) revealed an insensitivity to the manipulation of ISI; results which are comparable to those observed in the HIV-1 Tg rat. Although temporal processing deficits observed in the HIV-1 Tg rat may be caused by dysfunction of multiple neural systems, HIV-1 infection often causes DA system dysfunction and is further associated with neurocognitive deficits (Chang et al. 2008; di Rocco et al. 2000; Kumar et al. 2011; Wang et al. 2004) .
The classic approach to analysis of PPI manipulated ISI, as was performed in the present study. The ISI approach, popularized by Ison and Hammond (1971) , employs a range of ISI values to accurately assess the response amplitude curves for PPI. A range of ISI values has previously been used to establish temporal processing deficits in the HIV-1 Tg rat (Moran et al. 2013a ) and in male Sprague-Dawley rats stereotaxically injected with the HIV-1 viral proteins Tat and gp120 (Fitting et al. 2006a (Fitting et al. , b, 2008 . Additionally, plotting startle amplitude scores (e.g., as in the log-log plots portrayed in Fig. 1a-c ) allows researchers to examine increases (sharper curve inflection) or decreases (flattening of the response amplitude curve; Fig. 1b) in PPI, as well as shifts in the peak response inhibition (i.e., Fig. 1a, c) . In contrast, the contemporary procedure for the analysis of PPI, often used in pharmacological studies, commonly employs a single ISI, as has been popularized and recommended in several protocols (e.g., Curzon et al. 2009; . The contemporary approach suggests presenting PPI as percent inhibition, calculated as follows: 100 x {[(startle response amplitude during control trials)-(startle response amplitude during prepulse + pulse trials)] / (startle response amplitude during control trials)}. Use of the contemporary approach for the analysis of PPI precludes observations of increases (sharper curve inflection) or decreases (flattening of the response amplitude curve) in the shape of the PPI response amplitude curve as well as shifts in the point of peak response inhibition (i.e., they are not all temporally bound at 100 msec), and like any percent of control measure, fails to disambiguate changes in PPI from changes in the baseline startle response. Results in Table 1 show the use of percent PPI for the 100 msec ISI for the present study, illustrating the caveats present in the contemporary methodology for PPI analysis. For example, the results for visual PPI suggest that HIV-1 Tg animals fail to exhibit significant inhibition, relative to controls. Figure 1b , which visually illustrates visual PPI utilizing the classic ISI approach, however, provides evidence that the differences observed in percent PPI are not due to a failure to inhibit, but are due to changes in baseline responses. Thus, the use of the classic approach affords an undeniable opportunity to assess the temporal processes inherent in PPI, which may be a critical underlying dimension for the cognitive impairments observed in HAND. The study of temporal processing deficits in the HIV-1 Tg rat is vital for understanding the generality and permanence of temporal processing deficits, and may provide a key target for the development of a diagnostic screening tool. The HIV-1 Tg rat used in the present study, which resembles HIV-1 seropositive individuals on cART, displayed no significant health disparities in comparison to F344 controls (i.e., similar growth rates), consistent with our previous studies (Moran et al. 2012 (Moran et al. , 2013a Roscoe et al. 2014) . HIV-1 Tg animals used in the current study are a healthier derivation of those originally described by Reid et al. (2001) , which displayed severe phenotypical alterations, and wasting at a relatively young age (5-9 months). In contrast, no general wasting or pathological phenotypes (e.g., hindlimb paralysis) were observed in the HIV-1 Tg animals used in the current study through 10 months of age. Both HIV-1 Tg and control animals displayed similar inhibition in visual PPI confirming that, despite the presence of cataracts in the HIV-1 Tg group, and their mature age, they were able to detect the 20 msec visual prepulse stimulus. Thus, the current HIV-1 Tg rat displays a moderate phenotype suggesting its utility for subsequent studies of the progression of HAND.
Temporal processing deficits observed in mature HIV-1 Tg rats resemble sensorimotor gating deficits commonly exhibited in HIV-1 seropositive individuals. To our knowledge, the present study is the first to examine temporal processing deficits in the HIV-1 Tg rat using gap-PPI and auditory gap threshold detection. Alterations in threshold sensitivity, assessed using gap threshold detection, may provide an innovative diagnostic screening tool for HAND, which may be of clinical interest in the post-cART era (Chan and Brew 2014; Zipursky et al. 2013 ). The present study provides significant evidence for the generality, and potential permanence, of temporal processing deficits as a function of the chronic expression of the HIV-1 transgene.
